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1 Principle of SVPWM

Space vector modulation index is limited to 3/2 but
V3 V2 there is a way to extend this limit with the over-
modulation. This technique is required when the
modulation index, as the length of the reference
space vector Us, exceeds the edges of the
hexagon.

V1

V5 V6

1.1 Linear mode
In the linear area, V'Cmd can keep both the

amplitude and angle of chd,

then V' =T *V,+T,*V,with T, =T ,and T'

,=T,.
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V3 V2

chd

va ™ @ \ V1

V5

V6

1.2 OVM mode 1

There are two cases:
® Inthegreenarea: T, +T, 1.

Vemd is unmodified and the timings remain

unchanged T, =T, and T,=T,.In that region V'
cmd follows the circle.

® Inthebluearea: 7, +T7,>1.

Then In order to keep V', on the edge of the
hexagon and keep the angle , / V' omd [ is shrunk to
make T'l + T'2 =1. V'cmd = T’l * V1 + T’2 * Vzwith
T, =T,/(T,+T)and T',=T,/(T, +T,).

In that region V' - follows the hexagon edge.

1.3 OVM mode 2
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V2 p There are three cases:
/ ® Inthegreenarea: T, 1.0.
Vo de// We only use V1 to generate theV', . ..
V3 070 Rt 7 . , . _
e ’; Then V', =T, *V,+T,*V,with T, =1.0and T
/// ; 2 =0.
// cha! i
L /! ® |n the yellow area: T2 1.0.
/// o V;’?{;’ We only use V2 to generate theV', . ..
4 TTa / R . — . . _
/4 LN\ Then V', =T, *V,+T,*V,with T, =0and T,
4 A ¥ = \/ Vema =1.0.
v Vil a ® Inthe blue area: T, <1.0&& T,<1.0.

Then V', =T *V, + T, * V,with T'1 = (T1/
(TL+T2)+3/.).(/6)/(/6 )and T2=1.0 T1.

V5
\
B
2 Over-modulation timings sum-up
Linear OVM Mode 1 OVM Mode 2
T +T,>1 T)=—L If 21 T;=1
; ) T lelseif T,=1 T{=0
Ty =T else T =T
T
r_ (T 3 6
else T = (T1+TZ iz ny) -
fFT,+T,>1 Ty,=1-T; |If 7,21 T;=0
T, T, =T, else T,=T, elseif T,=21 T;=1
else T,=1-T/
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3 Over-modulation activation in STM32 MC SDK V5.Y
p i
(LS "t _|. Rated Bus Voltage “m
° " 24V(5-36)V O
O
Drivers Temperature
9 Control Unit AF AF S
— Phase V gl J\I\i M
Drive Management Start-up parameters R —
Drive Setting i Current
el Additional Features l —
Clock Freq. Sensing and FW protection m
FreeRTOS

Drive Management - Additional Features and PFC settings

[] Fux weakening
O] MTPA
[[] Feed Forward

[+ Over modulation

[] Discontinuous PWM

4 Over-modulation example

Example: F4 three shunt with Shinano motor at 4000 rpm

47 0. TELEDYNE LECRO
" E reyou

500V 5.00 500V 5.00V .00V . 1.00 Aldiv | 20.0 ms/d

148V E - : 2.00 ms/div ; + i 5MS/s Edge Positive
1 3323V | 1 Wl | L 12mV | | 43525mA | . 7 3
t 3294V ¢ 1 3 t 12mv 3 t  47.T75mA} 4r Hz
Ay 2BmV Ay OmV Ay BmV Ay 37TmA Ay -26mV Ay OmV Ay -8mV Ay 3650mAl !

- In the middle of this snapshot: the blue curve shows the phase current
- Just bellow: the pink, yellow and green curves show the PWM channels
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The over-modulation increases the total harmonic distortion, but it allows the modulation index to exceed 3/2.
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